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ABSTRACT: As a result of several surveys made along ca. 800 km long coastline of
Balochistan, the largest province of Pakistan, 234 species and 110 genera of seaweeds
were found inhabiting the coastal waters. They exhibited a great biological diversity being
distributed among 57 families, 33 orders, 12 classes and 6 divisions. Out of these 70
species, 43 genera, 23 families, 12 orders and 3 classes belonged to Rhodophyta showing
the largest group diversity, while Vaucheriophyta with 3 species belonging to only one
genus expressed the smallest diversity. Among Cyanophyta highest specific diversity was
exhibited by the genus Phormidium as it occurred in 12 different species, among
Chlorophyta Codium showed the greatest diversity being represented by 11 species.
Sargassum has exhibited the highest specific diversity not only among Phaeophyta but
among all the seaweeds as it occurred in 14 different species, Gracilaria and Polysiphonia
both were represented by 6 species each and this was the greatest diversity among
Rhodophyta. The habitat diversity (expressed in terms of relative percentage) of the
inhabiting algae indicated that 7% were freely floating organisms, 17% were associated
with other organisms and 76% were attached with solid substrata. Further details revealed
that 13% were epiphytic, 1% endophytic, 2% epizoic and 1% endozoic, indicating that
they preferred other algae as their substrate. Only 1% were epipelic, 3% epipsammic, 44%
epilithic and 28% benthic on pebbles, in pools, on embankments or at uncertain places in
the sub-littoral region. It appeared that a vast majority of them preferred solid substrata of
one form or the other. Only 1% of the investigated algae were found inhabiting the supra-
littoral, 5% upper littoral, 22% mid-littoral, 40% lower littoral, 24% lower to sub-littoral
and 18% sub-littoral regions. Their littoral diversity (in relative percentage) gradually
increased with a decrease in the severity of the ecofactors. At the end, diversities of the
newly erected phylum Porphyridiophyta have been presented.
KEYWORDS: Marine algae, seaweeds; Specific, habitat, littoral diversity; Balochistan,
Pakistan; Northern Arabian Sea.
INTRODUCTION
Marine benthic algae are primary producers of the coastal ecosystem. They are very
important inhabitants of the neritic province in the marine hydrosphere, as a vast majority
of herbivores feed on them (Davies, 1998). The history of the seaweed investigation of
Pakistan dates back to the 4th decade of 20th century (Bφrgesen, 1934, 1939). All attempts
to describe marine algal flora of Pakistan were restricted to Karachi or the neighbouring
coastal areas of Sindh Province (e.g.Anand, 1940, 1943; Nizamuddin, 1963, 1968, 1995,
1997; Shameel and Nizamuddin, 1972; Saifullah, 1973; Saifullah and Nizamuddin, 1977;
Farooqui and Begum, 1978; Shameel, 1978, 1999; Moazzam and Shameel, 1985; Begum
and Khatoon, 1988, 1992; Afaq-Husain and Shameel, 1996, 1999 etc.). Only a few studies
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have been made on the habitat and distribution of seaweeds from the coast of Balochistan
(Shameel, 1987; Shameel and Afaq-Husain, 1987; Shameel et al., 1989, 1996, 2000). In
order to have a better insight of seaweed distribution along this vast coast the present
investigation was undertaken. This study provides a detailed information about group
diversity, species diversity, habitat diversity and littoral diversity of marine benthic algae
inhabiting the different coastal areas of Balochistan, the largest province of Pakistan.
MATERIALS AND METHODS
A number of collection trips were made to twelve localities along the coasts of
Lasbela and Makran divisions in the province of Balochistan. Table I provides the details
of these surveys, which have been carried out from time to time during 1984-1998. The
collected marine benthic algae were fixed in 4% formaldehyde-seawater solution. The
herbarium specimens have been deposited in the Seaweed Herbarium (KUH-SW),
Seaweed Biology and Phycochemistry Lab., MAH Qadri Biological Research Centre,
University of Karachi.
Table I. Surveys made along the coast of Balochistan.
_______________________________________________________________________
No. Area Surveys Dates of surveys made during 1984-1998_______________________________________________________________________
1. Gadani 9 22-10-84; 23-11-84; 20-1-85; 16-9-85; 8-10-85;
2 & 12-1-86; 20-3-86; 27-7-86; 17 & 18-11-87
2. Sonmiani 8 23-10-84; 11-11-84; 5 & 17-9-85; 7-11-85;
18-12-85; 6-2-87; 17-11-87; 21-12-96
3. Miani Hor 3 4-9-85; 6 & 16-11-85; 17-12-85
4. Ras Malan 5 2-9-84; 3-9-85; 5-11-85; 6 & 16-12-85; 16-11-92
5. Ormara 2 17-11-92; 12-10-95
6. Pasni 1 2-4-94
7. Kapper 4 17-11-91; 4-4-94; 5-4-95; 18-6-98
8. Sur Bunder 6 18-3-90; 17-11-91; 18-3-93; 6-4-95; 24 &
26-12-96; 8-1-97
9. Gwadar 6 16-3-90; 16-7-92; 7-4-95; 24, 25 & 26-12-96;
13-4-97; 6, 7 & 8-1-98
10. Pishukan 4 16-10-94; 9 & 12-1-97; 10 & 11-1-98; 24-6-98
11. Ganz 4 18-11-91; 7 & 17-10-94; 14 & 15-1-98; 26-6-98
12. Jiwani 8 18-1-91; 15-7-91; 18-11-91; 15-7-92; 18-10-94;
28-12-96; 11-1-97; 17, 18, 19 & 20-1-98
_______________________________________________________________________
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RESULTS AND DISCUSSION
As a result of several collection trips a large number of marine benthic algae could be
collected and taxonomically determined. The taxonomic elaboration of the collected
species and their synonymy may be found elsewhere (Shameel et al., 2000). Their mode
of occurrence, nature of their substrate, littoral region wherefrom they were collected and
the locality of their collection have been recorded (Shameel, 2000). About 800 km long
coastline of Balochistan was surveyed. It is the largest of the four provinces of Pakistan
from the viewpoint of the area as well as coastal length. Twelve different places have been
frequently visited, as a result of that a large amount of data could be collected. During
these surveys 234 species and 110 genera of marine benthic algae were observed
inhabiting the coastal waters (Table II). The collected seaweeds were found distributed
among 57 families, 33 orders, 12 classes and 6 divisions from a taxonomic point of view
and therefore exhibit a great deal of group diversity.
Table II. Group diversity of the marine benthic algae along the coast of Balochistan.
_______________________________________________________________________
No. Division Species Genera Families Orders Classes_______________________________________________________________________
1. Cyanophyta 54 25 12 4 2
2. Chlorophyta 56 16 10 8 2
3. Vaucheriophyta 3 1 1 1 1
4. Phaeophyta 49 23 10 7 3
5. Rhodophyta 70 43 23 12 3
6. Porphyridiophyta 2 2 1 1 1
_______________________________________________________________________
Total algae 234 110 57 33 12_______________________________________________________________________
When the group distribution of different marine benthic algae belonging to various
phyla was compared with one another, it was revealed that those belonging to Rhodophyta
were most abundant. They were found distributed in 70 species, 43 genera, 23 families,
12 orders and three classes (Table II), following the recent classification in which the
order Porphyridiales has been removed from Rhodophyta and placed in its own phylum
Porphyridiophyta (Shameel, 2001). This indicates that the red seaweeds exhibited the
largest group diversity. This is quite usual, as has been found practically all over the world
(Critchley and Ohno, 1998). The yellowish green algae have shown the smallest diversity,
the Vaucheriophyta was represented by 3 species and 1 genus only. This is due to the
reason that the yellowish green algae mainly occur in the freshwater environment (Lee,
1999). The general diversity of Chlorophyta and Phaeophyta was almost similar, the green
seaweeds were found distributed in 56 species, 16 genera, 10 families, 8 orders and 2
classes, while brown ones were represented by 49 species, 23 genera, 10 families, 7 orders
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and 3 classes. Similar distribution was also found in the neighbouring coast of India
(Untawale et al., 1983). The Cyanophyta, being distributed in 54 species, 25 genera, 12
families, 4 orders and 2 classes (according to the new classification of Shameel, 2001),
presented a very promising result. Previously only 7 species and 7 genera belonging to 3
families, 2 orders and 1 class were recorded from the entire coast of Pakistan (Shameel
and Tanaka, 1992).
The species diversity of different genera belonging to various phyla have been
presented in Table III. Among Cyanophyta highest diversity was shown by the genus
Phormidium as it occurred in 12 different species, all being new records. This is quite
interesting, as they have not been recorded in the coastal waters of other Asian countries
like Malaysia (Phang, 1998) and Myanmar (Soe-Htun, 1998). Among Chlorophyta,
Codium exhibited the greatest diversity being represented by 11 species. It is only a matter
of chance, otherwise 16 species of Bryopsis, 13 of Caulerpa, 17 of Cladophora and 30 of
Codium have already been recorded from Karachi and neighbouring coastal areas
(Shameel and Tanaka, 1992; Nizamuddin, 2001). Among Vaucheriophyta, the type genus
Vaucheria was represented by 3 species only, which is the lowest specific diversity. This
is quite usual, as this genus is represented by 3 species at the coast of Karachi and the
neighbouring coast of India (Untawale et al., 1983) and by 4 species at the coast of
Bangladesh (Islam, 1998). Sargassum has shown the highest diversity not only among
Phaeophyta but among all the seaweeds as it occurred in 14 different species. This genus
is represented by 38 species in India (Untawale et al., 1983) and 21 species in Malaysia
(Phang, 1998). It really exhibits a very high species diversity. In the case of Rhodophyta
the condition of diversity was not quite clear, Gracilaria and Polysiphonia both were
represented by 6 species each, followed by Scinaia (5 species), Champia and Hypnea (4
species each). This is due to the reason that most of the red seaweeds grow in sub-littoral
region, therefore a sufficient number of their species could not be collected. Otherwise
genera like Acrochaetium and Gracilaria are represented by 20 species each in the
neighbouring coastal waters of India (Untawale et al., 1983).
When diversity of the genera and species of marine benthic algae inhabiting the coast
of Balochistan were expressed in relative percentage of various phyla, it was revealed that
Cyanophyta, Vaucheriophyta and Phaeophyta exhibited an exactly the same proportion of
species and genera in the total population (Fig. 1). Only Chlorophyta and Rhodophyta
showed a difference in the proportions of their species and genera. The red seaweeds were
found in the highest proportion from the point of view of species as well as genera and the
yellowish green algae in the smallest proportion. This proportion is usually found all over
the world (Critchley and Ohno, 1998).
The habitat diversity of the total seaweeds as expressed in relative percentage
indicated that 7% were freely floating objects, 17% were associated with other organisms
and 76% were attached with solid substrate (Fig. 2). The floating algae were not
euplanktonic but tychoplanktonic i.e. they were accidental plankters being detached by
water currents or nectonic activities. Among those associated with other organisms, 13%
were epiphytic, 1% endophytic, 2% epizoic and 1% endozoic, indicating that they
preferred other algae as their substrate. Being photoautotrophs, the micro-algae do not
prefer to enter inside living organisms (Lüning, 1985). Among those associated with solid
substrata, only 1% were epipelic, 3% epipsammic, 44% epilithic and 28% benthic. The
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last category denotes those seaweeds which were attached with pebbles, boulders, man
made objects like buoys, wharves, boats and embankments, or grow inside pools or at
uncertain places in the sub-littoral region. Mostly drift seaweeds were included in this
category. If this category is added with epilithic algae, the total proportion becomes 72%.
It appeared that a vast majority of the collected seaweeds preferred solid substrata of one
form or the other, and this is quite natural which is expected from seaweeds (Round,
1984).
Table III. Specific diversity shown by different genera of marine benthic algae
inhabiting the coast of Balochistan.
_______________________________________________________________________
Genera Species Genera Species_______________________________________________________________________
I. CYANOPHYTA: III. VAUCHERIOPHYTA:
Chroococcus 5 Vaucheria 3
Oscillatoria 3 IV. PHAEOPHYTA:
Phormidium 12 Dictyota 4
Spirocoleus 4 Feldmannia 3
Spirulina 3 Padina 4
II. CHLOROPHYTA: Rosenvingea 3
Bryopsis 6 Sargassum 14
Caulerpa 6 V. RHODOPHYTA:
Chaetomorpha 4 Champia 4
Cladophora 6 Gracilaria 6
Codium 11 Hypnea 4
Enteromorpha 6 Polysiphonia 6
Entocladia 3 Scinaia 5
Ulva 5 VI. PORPHYRIDIOPHYTA 2
_______________________________________________________________________
The habitat diversity of Cyanophyta differed from the general pattern of the total
seaweeds as discussed above (Fig. 3). No doubt the highest proportion was exhibited by
epilithic algae (35%), but an appreciably large proportion was shown by floating (26%),
epiphytic (20%) and epipsammic algae (13%). It appears that they do not have much
Shameel: Diversity of algae at Balochistan coast 91
92 Pakistan Journal of Marine Sciences, Vol. 10(2), 2001.
Fig. 1. Diversity of the genera and species (in terms of relative percentages) belonging
to different divisions of marine benthic algae inhabiting the coast of Balochistan.
Fig. 2. Habitat diversity (in relative percentage) of the total marine benthic algae
inhabiting the coast of Balochistan.
Cyanophyta Chlorophyta Vaucheriophyta Phaeophyta Rhodophyta
preferrence in the choice of their substratum. Being micro-algae they easily got
themselves attached with other living objects like macro-algae (20% epiphytic) and
animals (4% epizoic) as well as small solid objects like sand grains (13% epipsammic)
and mud particles (2% epipelic). Similarly they can easily be detached with their
respective substrate due to water currents and nectonic activities, hence were found in a
high proportion of 26% as floating organisms. Being phototrophic individuals they did not
enter inside other living organisms (Lüning, 1985), that is why no endophytic and
endozoic blue-green alga could be collected.
Green seaweeds followed the general pattern of habitat diversity as discussed above.
A vast majority of them occurred in epilithic and benthic habitat. Among Chlorophyta
endophytic algae were more (5%) than epiphytic algae (2%, Fig. 4), this is due to the
reason that all the collected members of the order Ctenocladales were endophytic
(Shameel et al., 2000). Only a small portion of marine green algae may be included under
the artificial category of micro-algae, therefore only 7% were found attached with higher
algae (as epiphyte) and 4% occurred as free-floating. The later category included mainly
the members of the order Ulvales (Shameel et al., 2000). Some species of Enteromorpha
and Ulva were found in the floating condition (as megaloplankton), after detachment. No
green alga was found attached with animals, sand grains and mud particles. The algae
belonging to Vaucheriophyta were partly epipelic (33%) and partly benthic (67%) from
uncertain substratum (Fig. 5). These data are too small to make any generalization, as only
three species could be collected. They are mainly inhabitants of freshwater environment.
All these observations are in harmony with the general information obtained about
seaweeds (Lobban and Harrison, 1997).
Habitat diversity of Phaeophyta inhabiting the coastal waters of Balochistan, when
expressed in terms of relative percentage, revealed only 6% epiphytic species and rest of
the 96% were epilithic and benthic at other places (Fig. 6). As there are no unicellular or
colonial forms in brown algae, all the other categories were completely absent. Certain
members of the orders Ectocarpales and Ralfsiales occurred as epiphytes (Shameel et al.,
2000). The Rhodophyta of Balochistan coast also presented the same picture (Fig. 7). As
they are mostly smaller in size and dimension than brown algae, the proportion of forms
attached with other living objects was high (15% epiphytes and 4% epizoons). These
species mostly belong to the orders Erythropeltidales, Bangiales, Corallinales and
Ceramiales (Shameel et al., 2000), while rest of 81% red algae were epilithic and benthic.
The littoral diversity of the total collected seaweeds as expressed in relative
percentage indicated that only 1% were found growing in supra littoral region (Fig. 9).
This is due to non-availability of water, very high temperature and extremely severe
ecological conditions (Lüning, 1985). The severity of the ecological factors slightly
improves in the upper littoral region due to a partial submergence, therefore 5% of the
seaweeds were found growing in the upper littoral. As severity and fluctuation of the
ecofactors further improve, the proportion of growing seaweeds also increases in mid-
littoral (22%) and lower littoral (40%). The category of “variable” includes those
seaweeds growing both in lower littoral and sub-littoral regions. The seaweeds growing
in the lower littoral region were in the highest proportion. Miller et al. (1983) observed
that the low-tide zone is a better location for algal growth than others. The proportion of
sub-littoral seaweeds was very low (18%), though the sub-littoral region provides more
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Fig. 3. Habitat diversity (in relative percentage) of Cyanophyta inhabiting the coast of
Balochistan.
Fig. 4. Habitat diversity (in relative percentage) of Chlorophyta inhabiting the coast of
Balochistan.
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Fig. 5. Habitat diversity (in relative percentage) of Vaucheriophyta inhabiting the coast
of Balochistan.
Fig. 6. Habitat diversity (in relative percentage) of Phaeophyta inhabiting the coast of
Balochistan.
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Fig. 7. Habitat diversity (in relative percentage) of Rhodophyta inhabiting the coast of
Balochistan..
Fig. 8. Littoral diversity (in relative percentage) of the total marine benthic algae
inhabiting the coast of Balochistan.
enriched conditions favourable to high biological productivity than others due to
uniformity of the ecological conditions (Lobban and Harrison, 1997). This may be due to
the fact that sub-littoral seaweeds could only be collected as drift specimens. It means,
these data are not very promising as most of the sub-littoral species escaped collection.
The littoral diversity of Cyanophyta slightly differed from the general pattern of the
total seaweeds as discussed above (Fig. 9). An appreciable proportion was found in the
supra littoral region (4%). This is due to the fact that blue-green algae are embeded in
huge mass of mucilage (Lee, 1989), which protects them from desiccation. Practically all
of them were found in lower littoral (85%) with a poor representation in the mid-littoral
(7%) as well as sub-littoral (18%). It is surprising to note that they withstand the severe
ecological conditions of supra littoral but not the fluctuating conditions of upper littoral,
where emergence remains during 75% of the time and submergence for 25% only. They
were completely absent in the later region. Mid-littoral, which provides equal time for
emergence and submergence, was probably not a suitable region for their growth. The
green seaweeds mainly occurred in the mid-littoral region (50%, Fig. 10), this is due to
the fact that they prefer shallow waters. Due to this reason they were poorly represented
in the sub-littoral region (9%), even if a part of 13% “variable” category is added it does
not make an appreciable proportion. As compared to blue-green algae they cannot tolerate
desiccation for a long period, therefore they were completely absent in supra littoral.
Similar observations were also made at the areas near Karachi by Hameed et al. (2000).
Seaweeds belonging to Vaucheriophyta were partly found in lower and partly in the
sub-littoral (50% each) regions (Fig. 11), the data are too small to make any
generalisation. The brown and red seaweeds followed to a great extent the general pattern
of littoral diversity as discussed above. In contrast with the general pattern, the species of
Phaeophyta were not very well represented in the lower littoral (12%, Fig. 12). It may be
compensated if a part of “variable” category is added to it, which existed in a very high
proportion (43%). The brown seaweeds simultaneously preferred lower and sub-littoral
regions. On the other hand the red seaweeds exhibited very sharp categories of lower and
sub-littoral (Fig. 13), those growing simultaneously in the two regions were a few (7%
only). They were represented in the sub-littoral in not a very high proportion (32%), which
is against the fact that they enter deep in the continental shelf up to 200 m (Lobban and
Harrison, 1997). This is due to the reason that our collections were based simply on drift
material, which was accidentally detached from sub-littoral and cast ashore. However, the
collection of seaweeds by SCUBA diving and dredging on board of a research vessel will
further improve the obtained information.
The newly erected phylum Porphyridiophyta, which has very recently been separated
from Rhodophyta on the basis of its unicellular or those multicellular individuals which
are held together by mucilaginous walls (Shameel, 2001), included only two species
belonging to separate genera (Table II) i.e. Bangiopsis subsimplex and Stylonema alsidii.
Both of them were found as epiphytes, the former on Jolyna laminarioides growing in
lower littoral and the later on Gracilaria corticata inhabiting the sub-littoral (Shameel,
2000). Their habitat and littoral diversities have been presented in Fig. 14. As the data are
too small, the conclusions drawn will not be quite appropriate.
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Fig. 9. Littoral diversity (in relative percentage) of Cyanophyta inhabiting the coast of
Balochistan.
Fig. 10. Littoral diversity (in relative percentage) of Chlorophyta inhabiting the coast of
Balochistan.
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Fig. 11. Littoral diversity (in relative percentage) of Vaucheriophyta inhabiting the coast
of Balochistan.
Fig. 12. Littoral diversity (in relative percentage) of Phaeophyta inhabiting the coast of
Balochistan.
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Fig. 13. Littoral diversity (in relative percentage) of Rhodophyta inhabiting the coast of
Balochistan.
Fig. 14. Diversities (in relative percentages) of Porphyridiophyta inhabiting the coast of
Balochistan.
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